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COMPLETE SPECIFICATION. 
Process for Treating Cellulosic Fabric and Product thereof. 

We, Debring Melliken Research Cor- 
poration, a corporation organized under the 
laws of the State of Delaware, United States 
of America, of P.O. Box 1927, Spartanburg 
5 South Carolina, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to a novel process 
for the treatment of cellulosic fabrics, more 
particularly to a method of applying limited 
amounts of moisture and strong base as part 
of a process for wet cross-linking of cellulosic 
fabrics and fabrics thus produced. 

It has been found that base catalyzed wet 
cross-linking reactions, i.e., cross-linking re- 
actions catalyzed with strong base in which 
the cross-linking of the cellulosic molecules 
is conducted in the presence of strong base 
and moisture, which heretofore were be- 
lieved to impart only wet resiliency to fabric, 
i.e., flat drying properties after wringing out 
by hand or passing through the spin cycle of 
an automatic washer and line drying, can 
impart good dry resiliency to the fabric, i.e,, 
flat drying properties when dried in an auto- 
matic tumble dryer, if the reaction is con- 
ducted in the presence of relatively small 
amounts of moisture. One means of achiev- 
ing this is to apply a dilute aqueous solution 
of the selected strong base to the fabric by 
conventional means, e.g., by a padding 
operation, and then drying the fabric to the 
desired moisture content before applying the 
cross-linking agent. Such a procedure is not 
always desirable in production because it 
requires costly drying equipment with sensi- 
tive controls and also because the fabric is 
[Pric - ~ " 



susceptible to damage due to over-drying in 
the drying operation, e.g., during the fre- 
quent stoppages that occur in a production 
run. 

«J° *- av ?l d th ' s operation, it is 

theoretically possible to apply limited 
amounte of strong base in the form of a 
concentrated aqueous solution by means of 
an applicator roll, spray or knife coating 
However, when such expediences are at- 
tempted'- the inevitable consequence is that 
the fabric puckers because the concentrated 
sfrong base solution is not applied uniformly, 
ift™? °^ e , of aPI^cator rolls, continuous 
lateral and longitudinal transfer of thin films 

roll f i • 0l ^ ti0 . n from * c applicator 
All o^L fa ^ nC . IS ™P ossib fe to achieve. 
Also surface tension and other forces cause 

?• applicator roll con- 

nf tL th f e u a ^ <bml * ***** ^ portions 
of the fabric that are wet first to attract fur- 
ther amounts of the solution at the expense 
of neighboring areas. Similar problems are 
associated with knife coating and spraymg 
because there is little restraint on the SEE 
in tne form of tension or pressure as the 

•?S g v 5011111011 str ikes the febric 
. That the fabric puckers is not surprising 
in view of the fact that the uneven apS 
ton of strong aqueous solutions of sodium 
hydroxide is the standard technique for T- 
taining the three dimensional plisse-type 

^lv n n- 2?"' Wh £ h a PP^ared P theoretfc 
ally possible to achieve the desired cross- 
linking reaction in the presence of limited 
amounts of moisture by employing applicator 
roll or spray techniques to apply small 
amounts of concentrated aqueous solutions 
of the strong base catalyst, the puckering 
associated with this procedure makes tbl 
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technique of applying an excess of moisture, 
in the form of a more dilute strong base 
solution, and thereafter drying the fabric to 
the desired moisture content appear to be 

5 commercially a necessary procedure for uni- 
formly distributing strong base in a fabric 
and yet also provide a low moisture content 
therein. , , . 

It has now been found that the puckering 

10 heretofore believed to be inevitable when 
concentrated aqueous solutions of strong 
base are applied to a fabric can be avoided 
when following the process of this invention. 
It is therefore an object of this invention 

15 to provide a novel process for applying 
limited amounts of a concentrated aqueous 
solution of strong base to celiulosic fabrics 
in a wet cross-linking process to produce wet 
resiliency and without producing puckering 

20 therein. 

It is another object to provide a process 
for wet cross-linking fabric in the presence 
of strong base involving the application of 
an aqueous solution of a strong base to the 

25 fabric which process obviates the necessity of 
a drying step. 

A further object is to provide a novel 
process for producing celiulosic fabric hav- 
ing good wet and dry resiliency without heat- 

30 ing the fabric as a step of the process. 

According to this invention the hydroxy 
groups of a celiulosic fabric are cross-linked 
with a strong base catalysed cross-linking 
agent while the fabric contains a strong base 

35 as herein defined and less than 35% by 
weight total moisture, an aqueous strong base 
solution being uniformly applied to the celiu- 
losic fabric by transfer of the solution with 
pressure from a printroll having a pattern on 

40 the surface thereof in an amount such that 
the total moisture content of the fabric does 
not exceed 35% by weight, to impart good 
dry resiliency as well as wet resiliency to 
the fabric The cross-linking agent may be 

45 applied to the fabric either before or after 
application of the strong base. 

The invention also comprises cross-linked 
celiulosic fabric characterised by a uniform 
pattern of cross-linking detectable by dyes 

50 receptive to cross-linked cellulose, but rela- 
tively unreceptive to uncross-linked cellulose, 
the pattern being geometric and having rela- 
tively highly cross-linked portions of the 
fabric separated by portions having a sub- 

55 stantially lesser degree of cross linking, said 
latter portions having an area not greater 
than 0.05 square inch. 

This invention is illustrated by the accom- 
panying drawing, which is a schematic per- 
60 sDective view of an apparatus which can be 
employed for following the process of this 
invention. . 

As illustrated by the drawme substantially 
dry fabric F, shown in broken lines, is re- 
65 moved from a conventional source of supply, 



e.g., a supply roll 1, and passed in intimate, 
contact with the patterned surface 3 of print- 
roll 2, provided by fine lines 4 in the surface 
thereof. Continuous contact of the fabric F 
with the textured surface 3 of printroll 2 is 70 
ensured by a pressure roll 5 whose axis is 
parallel to the axis of printroll 2 and posi- 
tioned so as to provide a nip through which 
the fabric F passes. The aqueous strong 
base solution is contained in the reservoir 6 75 
and picked up therefrom by printroll 2. Ex- 
cess solution is removed by doctor blade 7, 
so that only the strong base solution which 
is trapped in the patterned surface 3 is trans- 
ported to the fabric F. The fabric F then 80 
passes over a conventional applicator roll 10 
which can apply the cross-linking reagent 
contained in the reservoir 11 to the fabric F. 
The fabric F then passes to a conventional 
take-up means, illustrated by a take-up roll 85 
20, or passed through other conventional 
fabric processing equipment. In an alternate 
procedure, not shown in the drawing, the 
applicator roll 10 and reservoir 11 can be 
placed intermediate the roll 1 and the print- 90 
roll 2 so that the cross-linking agent or an 
oraanic solution thereof can be applied first. 
If the starting fabric F already has uniformly 
impregnated ""therein the selected cross-link- 
ing agent, then applicator roll 10 and reser- 95 
voir 11 can be omitted. 

Celiulosic fabrics which are cross;linked 
according to the process of this invention are 
those formed of materials which are normally 
cross-linked to impart wet configurational 100 
memory thereto, e.g., natural and regener- 
ated cellulose including those having a por- 
tion of the free hydroxy groups esterified or 
etherified, i.e., so that at least 1.8 free hy- 
droxy groups per anhydroglucose unit re- 105 
main, e^g., lower-hydrocarbon esters includ- 
ing the acetate, propionate, butyratc, amy! 
esters such as the benzoate and inorganic 
esters such as the sulfate, phosphate, aryl 
and alkyl sulfate esters, lower-alkyl ethers 110 
including methyl and ethyl ethers and hy- 
droxyalkyl ethers including hydroxyethyl 
ethers and carboxymethyl ethers. Fabrics 
can consist of natural celiulosic materials, 
e.sr., cotton, linen, jute or flax or the syn- 115 
thetic celiulosic materials, e.g., filament or 
staple viscose rayon, both unmodified and 
modified, e.g., the polynosic rayons. The 
novel process is directed primarily and pre- 
ferably to woven celiulosic textile fabrics, 120 
but the advantages of this invention can also 
be achieved by treating non-woven or knitted 
fabrics. The preferred celiulosic material 
is cotton which is preferably woven, e.g., 
printcloth, broadcloth and sheeting. Although 125 
the orocess will ordinarily be conducted on 
fabric consisting entirely of cotton or viscose 
rayon, the process is equally aoplicable to 
fabrics comnrisins svnthetic filaments or 
fibers, e.e., the ethylene glycol-terephthalate 130 
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polyester, nylon, and polyacrylics fibres. 
Preferably the cellulosic material comprises 
at least 40% or more by weight of the labric 
to be treated and more desirably 60% or 
5 more. It will be apparent to those skilled 
in the art to which this invention pertains 
that because regenerated cellulose and cer* 
tain of the cellulose derivatives tend to be 
adversely affected by aqueous alkali-metal 

10 hydroxide solutions of high concentration, if 
these materials are present in the fabrics to 
be treated, care should be taken that the 
strong base catalyst does not adversely affect 
the cellulosic material, e.g., by employing; 

15 Jower concentrations or alkali-metal salts. 
The strong base catalysts for the cross- 
linking reaction include the alkali-metal 
hydroxides, e.g., sodium hydroxide and 
potassium hydroxide, the quaternary ammo- 

20 nium hydroxides, e.g., trimethylphenyl am- 
monium hydroxide, and alkali-metal salts 
which, in die presence of moisture, produce 
a strongly alkaline solution, e.g., the alkali- 
metal sulfides and alkali-metal slicates. Whea 

25 the salts are employed, they should be em- 
ployed in amount which will impart an 
alkalinity to the solution in about the same 
range as that obtained when an alkali-metal 
hydroxide is employed. 

30 The cross-linking agents employed in the 
process of this invention are the strong base 
catalyzed cross-linking agents, including epi- 
chlorohydrin, 1 ,3-dichloropropanol-2, 2,3- 
dichloropropanol-1, and mixtures thereof, 

35 the diglycidyl ethers of glycerol and ethvlene 
glycol and related haloepoxide, dihalohydrin 
and diepoxide cross-linking agents, eg., those 
disclosed in British Patent Specification No. 
855,547. Other suitable cross-linking agents 

40 are divinyl sulfone, divinyl sulfoxide, 
and compounds represented by one of 
the formulae (R — O — CHaCH^SOg and 
(R— O — OT 3 CH 2 ) 2 SO, wherein R is the acyl 
radical of an organic acid, e.g., acetic, pro- 

45 pionic or other lower-hydrocarbon carboxylic 
acid, the acyl radical of a monobasic or poly- 
basic strong acid, e.g., sulfato, phosphato or 
alkali-metal salts of sulfato or phosphato 
radicals. Epichlorohydrin is preferred 

50 among the alkali catalyzed wet cross-linking 
agents in the process of this invention for 
several reasons. First, it neutralizes the 
strong base catalyst, so that the degree of 
cross-linking can be controlled by the 

55 amount of alkaline catalyst applied to the 
fabric. Secondly, only one molar equivalent 
of strong base catalyst is consumed, thereby 
avoiding the necessity of applying large 
amounts of alkaline catalyst to the fabric. 

60 Also, the volatility of the epichlorohydrin 
ensures that uniform cross-linking will take 
place, so long as the strong base catalyst is 
uniformly distributed on the cellulosic ma- 
terial, even though the epichlorohydrin itself 

65 is not absolutely uniformly applied. 



The printroll employed in the process of 
this invention is, of necessity, formed of a 
material which is inert to aqueous strong 
base solutions, eg., chrome plated copper, 
stainless steel, Teflon or polypropylene 70 
("Teflon" is a Registered Trade Mark). The 
patterned surface can be provided in the 
usual fashion, e.g., by photo engraving, 
knurling, machine threading, or cutting or 
scratching in any convenient manner. The 75 
pattern shown in the drawing is a cross 
hatched type pattern, but the pattern can 
take a wide variety of forms, e.g., parallel 
lines running helically, vertically or hori- 
zontally around the rofl, or combinations of 80 
these intersecting to form a cross-hatched 
pattern, and can be continuous lines, inter- 
mittent lines, dots or bands of lines or dots 
on the surface. Parallel horizontal or sub- 
stantially horizontal continuous or inter- 85 
mittent lines or dots or bands^of lines or dots 
0.01 to 0.1 inch apart are preferred when the 
fabric is passed over the printroll warpwise 
and it is desired to retain maximum strength 
in the fabric fiUingwise. While it wiD be 90 
apparent that the pattern can be obtained by 
providing raised portions on the surface of 
the roll, a more convenient expediency is to 
etch or groove the surface of the roll. The 
depth and width of the etched or grooved 95 
portions can be varied to control the pick- 
up of the strong base solution. For example, 
the depth can be varied from 0.0005 inch or 
less to 0.005 inch or more, the width can be 
from that of a single line to an etched band 100 
0.05 to 0.2 inch or more wide and the smooth 
or unetched portions can be the distance be- 
tween thread lines of from 4 to 20 or more 
per inch or strips 0.0005 to 0.2 inch or more 
wide between etched bands. The unetched 105 
portions, i.e., the portions which do not 
transfer any substantial amount of strong 
base catalyst to the fabric preferably have a 
width no greater than 0.1 inch or more pre- 
ferably no greater than 0.05 inch. Thus, 110 
when these portions are square, as shown 
in the drawing, they preferably have an area 
no greater than 0.05 square inch. 

It will be apparent from the description 
of the printroll that the term "uniformly" as 116 
used herein does not mean that the strong 
base catalyst and/or moiscure is absolutely 
uniformly applied as is obtained when fabric 
is padded through an aqueous solution and 
then squeezed to the desired pick-up. Rather, 120 
the term "uniformly" means that relatively 
large areas, e.g., 0.1 to 1 sq. inch, of fabric 
will have substantially the same moisture 
and strong base content as other relatively 
large areas. On the other hand, the patterned 125 
surface of the printroll produces minute ir- 
regularities in moisture and strong base con- 
tent in very small areas of the fabric and, 
in fact, it is this "patterned uniformity" 
which appears to produce the desirable and 130 
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novel results obtained according to this pro- 
cess. One manifestation of this novel effect 
is good dry resiliency can be produced in 
fabric containing up to 35% by weight total 
5 moisture, whereas if the fabric is impreg- 
nated, e.g., by padding, with a large volume 
of strong base solution arid then dried to a 
lower moisture content, the total moisture 
content of the fabric must be below 15% 

10 by weight before substantial dry resiliency is 
imparted to the fabric. This may be due to 
the fact that because the strong base is ap- 
plied at fairly high concentrations, the high 
strong base concentration may tend to 

15 counter act the adverse effect on dry resili- 
ency produced by higher moisture levels. 
In any event, it is quite apparent that the 
adverse effects of moisture in producing dry 
resiliency in the cross-linked fabric are mani- 

20 tested at a higher moisture level when fol- 
lowing the process of this invention than 
when attempting to impart dry resiliency by 
drying the fabric after applying large volumes 
of aqueous strong base solutions. 

25 If the pattern on the printroll is relatively 
coarse, the fabric will be cross-linked in a 
pattern which can be rendered visible by 
dyeing the fabric with dyes which have a 
greater affinity for the cross-linked portions 

30 than for the portions relatively free from 
cross-linking, e.g., Celleton Blue FFRS. Thia 
technique is desirable for obtaining patterned 
dyeing effect in a bath dyeing procedure. 
Another novel effect which can be ob- 

35 tained with die process of this invention, 
particularly with heavier fabrics and for low 
catalyst solution pick-ups and higher con- 
centrations thereof, e.g., above 10 — 15% 
by weight and preferably above 15 — 20% 

40 concentration, e.g., 25% — 50%, with pick- 
ups below 25% by weight and preferably 
below 10 — 15%, e.g., as low as 2 — 5%, is 
that "single face" cross-linking can be ob- 
tained, i.e., one face of the fabric can be 

45 cross-linked while the opposite face is ob- 
tained relatively free from cross-linking. This 
has the advantage of providing fabric with 
good wet and dry resiliency while retaining 
a higher percentage of its starting strength 

50 and/ or abrasion resistance. 

In carrying out the process of this inven- 
tion, the desired wet cross-linking reaction to. 
impart wet and dry resiliency to the fabric 
is conducted under conditions whereby an 

55 aqueous solution of the selected strong base 
catalyst is applied to substantially dry fabric 
by means of the above-described printroll 
with pressure under conditions of pick-up 
so that the fabric containing the strong base 

60 catalyst also contains less than 35% by 
weisht total moisture. "Substantially dry" 
fabric means that the fabric contains about 
the moisture which is present in conditioned 
fabric, e.g., from 1% to 14%, the exact 



moisture ordinarily being dependent upon 65 
the relative humidity of the atmosphere in 
which the starting fabric was stored. The 
amount of cross-linking agent which is ap- 
plied to the fabric will depend, in part, 
upon the degree of wet and dry resiliency 70 
desired to be imparted to the fabric and on 
the selected cross-linking agent. For ex- 
ample, if the cross-linkiug agent does not 
consume the strong base catalyst, then only 
that amount of cross-linking agent which will 75 
produce the desired degree of cross-linking 
should be applied to the fabric. In the case 
of epichlorohydrin and compounds which 
consume a molar equivalent of the strong 
base catalyst, it is ordinarily preferred to 80 
employ a molar equivalent or more of the 
cross-linking agent and control the degree of 
cross-linking by the amount of strong base 
catalyst applied to the fabric. If the cross- 
linking agent consumes two molar equi- 85 
valents of strong base catalyst, it is ordin- 
arily preferred to apply a half a molar equi- 
valent or less of the cross-linking agent. With 
the cross-linking agents which consume a 
molar equivalent of the strong base catalyst, 90 
the usual amount of strong base catalyst 
which is applied to the fabric is between 
0.5% and 6%, preferably l%— 5%, and 
more preferably 2% — 4%, calculated on the 
weight cf the dry fabric. Between 0.25% 95 
and 2% by weight is ordinarily applied with 
cross-linking agents which do not consume 
the strong "base catalyst and between 2% 
and 15%" by weight is applied when the 
cross-linking agent consumes two molar 100 
equivalents of strong base catalyst. 

By the term "strong base" as used herein 
is meant a substance which is soluble in 
water and, as a 1 % by weight aqueous solu- 
tion, has a pH of at least 10. ™ 5 

The aqueous strong base solution can be 
applied before, concomitantly with or after 
the cross-linking agent. It is possible to 
provide emulsions of the selected cross-link- 
ing agent, strong base and water so that the HO 
appropriate amounts of moisture, strong base 
and cross-linking agent are applied simul- 
taneously to the cellulosic material. How- 
ever, such emulsions are stable for only a 
short period of time and it is thus ordinarily 115 
preferred to apply the cross-linking agent 
separately from the water and strong base 
or at least separately from the strong base. 
If the selected cross-linking agent is non- 
volatile, it can be applied to the fabric in a 120 
prior padding operation and the solvent 
therefor, either aqueous or organic, then re- 
moved by heating the fabric. Also, the cross- 
linking agent can be applied per se or as a 
solution thereof by means of an applicator 125 
roll or other suitable means before the fabric 
is passed into contact with the printroll. 
However, it is ordinarily preferred to aonly 
the cross-linking agent after the aqueous 
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strong base has been distributed on the fabric 
by the printrolL 

The amount of catalyst solution which is 
transported to the fabric by the printroll can 
5 be regulated, in part, by employing a doctor 
blade which functions in the usual manner^ 
i.e., to remove the catalyst solution from the 
smooth, unetched portions while leaving a 
thin film of the solution on the recessed or 

10 etched portions. The rigidity of the doctor 
blade, the angle it makes relative to the tan- 
gential plane of the printroll and the point of 
contact and the pressure applied by it to the 
printroll can be used to vary the amount of 

15 catalyst solution transported to the fabric. 
If the pattern of the printroll is essentially 
horizontal, then the doctor blade is prefer- 
ably slashed or skewed relative to the axis 
of the printroll while still maintaining con- 

20 tinuous transverse contact with the printroll 
along its length. 

The strong base catalyst which has been 
uniformly distributed on the patterned sur- 
face of the printroll is then transferred there- 

25 from to the fabric with the aid of pressure, 
normally provided by a pressure roll com- 
panion to the printroll The amount of pres- 
sure is not critical so long as the fabric is 
continuously and firmly in contact with the 

30 printroll along its entire width. However, 
some pressure is necessary as insufficient or 
no pressure results in spotty and streaked 
transfer of the catalyst solution which, in 
turn, results in non-uniform cross-linking 

3o results. Generally, a pressure of as littles as 
0.5 Ib./sq. in. is all that is required although 
higher pressures in the order of 1 — lOlbs./sq. 
in. or higher are ordinarily desired and pre- 
ferred. Desirably, the pressure roll has 

40 associated adjusting means for regulating the 
amount of pressure. In this way, the transfer 
of catalyst solution from the printroll to the 
fabric can be adjusted, e.g., from 50%— 
100% by weight The pressure roll is ordin- 

45 arily formed of a resilient material, e.g., sili- 
cone rubber, so that the "fabric can be 
brought into intimate contact with the pat- 
tern of the printroll. If the printroll is 
formed of a resilient material, then ordinarily 

50 the pressure roll is formed of a non-resilient 
material, e.g., stainless steel. 

The optimum amount of total moisture 
below the 35 % by weight range which should 
be present in the fabric during the cross- 

55 linking reaction will depend, in part, on the 
amount of strong base catalyst employed. 
As stated above, the technique employed in 
this invention for applying the strong base to 
the fabric appears to provide more efficient 

60 reaction conditions so that substantia] dry 
resiliency can be obtained at moisture levels 
which will not produce substantial dry resili- 
ency when this catalyst is applied by pad- 
ding the fabric through the solution and re- 

65 moving a portion of the moisture by drying 



the fabric. Generally, it is preferred to main- 
tain a total moisture content below 25% 
and more preferably between 10% and 20%. 
To obtain total moisture content below 6 — 
8%, it is ordinarily necessary to dry the 70 
fabric in an oven before applying the catalyst 
solution. As the total moisture content of 
the fabric falls below 10—15%, the efficiency 
of the reaction improves considerably and as 
little as 0.5—1.5% alkali-metal hydroxide 75 
need be present in the fabric to achieve sub- 
stantial dry resiliency in the fabric, whereas 
by ordinary procedures of applying the strong 
base catalyst even good wet resiliency is not 
obtained at these low catalyst levels. Opti- 80 
mum performance-strength loss ratios ap- 
pear to occur when catalyst solutions of a 
concentration between 5% and 50%, prefer- 
ably between 10% and 30% and more pre- 
ferably between 15 % and 25% are employed. 85 

If desired, the fabric can have impregnated 
in it during the cross-linking reaction 
softeners, e.g., of the dispersible polyethylene 
type, to improve tear strength and can also 
contain hydroxy compounds, in amount pre- 90 
ferab y between 0.5%— 20% and more pre- 
ferably between 1% — 10%. calculated; on the 
weight of the dry fabric, e.g., lower-alkanols, 
e.g., methanol, ethanol, and propanol gly- 
cols, e g., ethylene glycol and propylene gly- 05 
col, glycerine, sucrose, dextrose, sorbitol 
dextrins and starch, which compounds tend 
to reduce the strength loss produced by the 
cross-linking reaction. 

The fabric containing the strong base 100 
catalyst, moisture and selected cross-linkirj* 
agent is preferably maintained at a tempera^ 
ture up to 100°C, more preferably between 
room temperature and 60°C, until the de- 
sired cross-linking reaction has taken place 105 
These temperatures refer to the environ- 
mental temperatures in which the celluJosic 
material is maintained. The actual tempera- 
ture of the cellulosic material may exceed 
these temperature ranges due to the exo- HO 
thermic nature of the reaction. It will be 
appreciated that, if the temperature is above 
the boiling point of the selected cross-link- 
ing agent, m the interest of efficiency, it is 
desirable to conduct the proems? in a closed U« 
chamber. Ordinarily, it is preferred that the 
environmental temperature is at least 25°C 
so that the cross-linking reaction will pro- 
ceed at a reasonable rate. When the environ- 
mental temperature in which the cellulosic i2 0 
^no£ al l l maintained as between 60 C C. and 
100 C., the reaction is substantially com- 
plete m from a few seconds to a few minutes 
However, it is ordinarily preferred to con- 
duct the reaction while the cellulosic ma- i2 5 
r ^I«i n envir onrnental temnerature be- 
tween 20°C. and 60°C. and with these con- 
ditions, particularly if the cellulosic material 
!5 ! ° * compacted state, the reaction is sub- 
stantially complete in less than six hours 130 
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When the desired cross-linking reaction, 
has taken place, the fabric is then ordinarily 
washed thoroughly to remove any last traces 
of reactants and by-products and finished in 
5 the usual manner, e.g., by drying in a tenter 
frame. When the preferred reactant and re- 
action conditions are employed, the resulting 
cellulosic material thus obtained will have 
outstanding dry and wet resiliency which 

10 means that the fabric can be passed through 
the spin cycle of an automatic washer and 
then line or, tumble dried and obtained in a 
relatively wrinkle-free state. Also, the fabric 
will resist mussing and wrinkling during 

15 storage and use. For example, cotton fabric 
of the broadcloth, sheeting or printcloth type 
will often rate 4.0 or better by the standard 
flat drying test after being spin and line dried 
or spin and tumble dried. Also, the fabric 

20 will often retain about 50% or more of its 
bleached or mercerized strength. 

The following examples are illustrative of 
the products and processes of this invention 



but are not to be construed as limiting. 
The percentage compositions referred to in 25 
these examples are by weight. 

Example I 
4.0 yds./lb. bleached and mercerized 
cotton printcloth and 3.19 yds./lb. 40" cotton 
broadcloth containing 6—8% moisture were 30 
passed through apparatus similar to that 
shown in the drawing in which printroll 
pattern NaOH concentrations and pick-ups 
thereof were varied. After the strong base 
solution was applied to the fabric, the still 35 
smooth fabric was immediately passed over 
an applicator roll which applied 10 — 15% 
epichlorohydrin, calculated on the weight of 
the NaOH impregnated fabric. The fabric 
was then aged as a polyethylene encased 40 
smooth roll at 55°C overnight The fabric 
was then washed and tested. The results of 
these tests are shown in Table I below. 
Substantially identical results are obtained 
when the fabric is maintained at room tern- 46 
perature overnight. 
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Example HI 
The procedure of Example I can be em- 
ployed to cross-link with divinyl sulfone by 
substituting divinyl sulfone or preferably a 
5 1%-— 50% solution thereof in, eg., acetone, 
tertiary ouianol or isopropanol, so as to' 
apply limited amounts thereof, thereby 
avoiding over-reaction and excessive em- 
brittlement of the fabric, for the epichloro- 
10 hydrin in the reservoir used in conjunction 
with the applicator roll. 

Similarly l,3*dichloropropanol-2 or 2.3- 
dichloropropanol-1 or a solution thereof in a 
suitable organic solvent, can be substituted 
15 for the epichlorohydrin. In this situation, 
there should be applied to the fabric at least 
2 molar equivalents of base catalyst for each 
mole of dichloropropanol applied. 

Example IV 
20 136X64 cotton broadcloth is impregnated 
uniformly with a 14% solution of bis- 
(sodmm /3-sulfatoethyl)suIf oxide with a 60% 
pick-up by padding and passing through 
squeeze rolls. The fabric is passed through 
*o a drying oven in a tenter frame and dried to 
a 6%— 8% moisture content. The dried 
fabric is then passed through the nip pro- 
vided by a stainless steel patterned printroll 
and a rubber pressure roll, the printroll hav- 
30 ing a cross-hatched surface whose grooves 
are 0.001 inch in depth and spaced 10 to 
the inch in both directions. The printroll is 
arranged in conjunction with a reservoir con- 
taining 18% aqueous NaOH solution so that 
ao the printroll transfers the solution to the 
fabric with substantially all except that re- 
tained in the cross-hatch pattern being re- 
moved by a doctor blade. The pressure roll 
and doctor blade pressures are adjusted so 
*u that a 17% pick-up of the aqueous NaOH 
solution is obtained, calculated on the weight 
of the dried fabric, thus providing a 3% 
pick-up of NaOH and 14% pick-up of 
water The fabric is maintained in smooth 
4£> roll form for 3 hours and then washed 
thoroughly. The thus cross-linked fabric 
has excellent wet and dry resiliency and fiat 
drying properties. 
To vary the extent of cross-linking, the 
ou concentration of the sulfoxide solution can 
be varied from 10% to 35%. The NaOH 
concentration and pick-up thereof should 
be adjusted so that 2 or more molar equi- 
yalents, calculated on the sulfoxide present 
oo in the fabric, is applied to the fabric. 

Substantially the same results are ob- 
tained by substituting bis-fsodium /3-sulfato- 
ethyl)suIfone for the sulfoxide compound in 
t r e ^ bove P rocess - Because of the rapidity 
w of the reaction, a dwell time of only a few 
minutes or less is required before the fabric 
is washed to remove reaction by-nroducts 
and any residual reactants. Similarly, the 
corresponding bis-thiosulfato, potassium sul- 



fate, aiiraionium sulfato and quaternary am- 65 
monium halides, e.g., pyridinium chloride, 
picohnium chloride, and isoquinolimum 
compounds, can be used as cross-linking 
agents according to the same procedure. 

WHAT WE CLAIM IS: — 70 

1. A process for imparting good dry and 
wet resiliency to a cellulosic fabric compris- 
ing cross-linking the hydroxy groups of the 
cellulosic fabric with a strong base cata- 
lysed cross-linking agent while the fabric 76 
contains a strong base as hereinbefore de- 
fined and less than 35% by weight total 
moisture, the strong base being uniformly 
applied to the fabric in the form of an aque- 
ous solution by transfer of the solution with 80 
pressure from the patterned surface of a 
printroll in an amount such that the total 
moisture content of the fabric does not ex- 
ceed 35% by weight 

2. A process according to claim 1, 85 
wherein the printroll pattern comprises por- 
tions recessed to a depth of from 0.0005 to 
0.005 inch into the surface of the printroll, 
which portions are separated by relatively 
raised portions having a width no greater 90 
than 0.1 inch. 

3. A process according to claim 2, 
wherein the relatively raised portions have 
an area no greater than 0.05 square inch. 

4. A process according to any of the 95 
preceding claims, wherein the fabric con- 
tains less than 25% by weight total moisture 
during the cross-linking reaction. 

5. A process according to any of the 
preceding claims, wherein the strong base 100 
is an alkali metal hydroxide. 

6. A process according to claim 5, 
wherein the aqueous solution of the strong 
base has a concentration between 5% and 
50% by weight. 105 

7. A process according to claim 6, 
wherein the aqueous solution of the strong 
base has a concentration between 10 and 
30% by weight 

8. A process according to claim 7, 110 
wherein the aqueous solution of the strong 
base has a concentration between 10 and 
25% by weight 

9. A process according to any of the 
preceding claims, wherein the cross-linking 115 
agent is one which consumes one molar 
equivalent of the strong base and the 
amount of strong base applied to the fabric 

is between 1% and 5% by weight, calcu- 
lated on the weight of the dry fabric. 120 

10. A process according to claim 9, 
wherein the amount of strong base applied 
to the fabric is between 1% and 4% by 
weight 

11. A process according to claim 9 or 125 
claim 10, wherein the cross-linking agent 

is eoichlorohydrin. 

12. A process according to claim 11, 
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wherein a molar excess of epichlorohydrin 
is used calculated on the strong base. 

13. A process according to any of 
claims 1 — 8, wherein the cross-linking agent 
5 is one which does not consume the strong 
base, and the amount of strong base applied 
to the fabric is between 0.25% and 2% by 
weight, calculated on the weight of the start- 
ing fabric. 

10 14. A process according to any of 
claims 1 — 8, wherein the cross-linking agent 
is one which consumes two molar equiva- 
lents of the strong base, and the amount of 
strong base applied to tie fabric is between 

15 2% and 15% by weight, calculated on the 
weight of the starting fabric, 

15. A process according to any of 
the preceding claims, wherein the fabric is 
cotton fabric. 

20 16. A process according to claim 
15, wherein the cotton fabric is woven. 

17. A process according to any of the 
preceding claims, wherein the cross-linking 
agent is applied to the fabric after the aque- 

25 ous solution of the strong base. 

18. A process according to claim 17, 
wherein, immediately after applying the 
cross-linking agent, the fabric is rolled into 
a smooth roll which is maintained until the 

30 desired cross-linking reaction has taken 
place. 



19. A process according to claim 1 for 
imparting good dry and wet resiliency to a 
cellulosic fabric substantially as hereinbefore 
described with particular reference to the 
Examples. 

20. Cross-linked cellulosic fabric when 
produced by the process of any of the pre- 
ceding claims. 

21. Cross-linked cellulosic fabric charac- 
terised by a uniform pattern of cross-linking 
detectable by dyes receptive to cross-linked 
cellulose, but relatively unreceptive to un- 
cross-linked cellulose, the pattern being geo- 
metric and having relatively highly cross- 
linked portions of the fabric separated by 
portions having a substantially lesser degree 
of cross-linking, said latter portions having 
an area not greater than 0.05 square inch. 

22. Cross-linked ceDulosic fabric accord- 
ing to claim 21. characterised by a struc- 
ture of repeating units represented by the 
formula 

OH 

Cel— O— CH 2 — CH— CH 2 — O— Cel 

For the Applicants, 
GILL, JENNINGS & EVERY, 
Chartered Patent Agents. 
51/52, Chancery Lane, London, W.C.2. 
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